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Coronavirus disease 2019 (COVID-19), a systemic disease caused by the severe acute respiratory syndrome coronavirus 2 (SARS-Cov-2), is quickly becoming one of the biggest challenges the global population has faced since World War II \[[@CR1]\]. As of May 12, 2020, 4,215,514 cases have been reported with 287,158 confirmed deaths, which represents an overall mortality rate of 6.81% \[[@CR2]••\]. It is well known that these numbers are not precise due to the low availability of diagnostic tests needed to assess the true numbers infected \[[@CR3]--[@CR5]\]. In addition, many patients have minor symptoms and may not seek testing \[[@CR3]--[@CR4]\].

Recent reports \[[@CR6]--[@CR7]\] describe several risk factors associated with major complications in COVID-19 such as severe acute respiratory syndrome, mechanical ventilation, and death. Among these risk factors (including older age and several comorbidities), the presence of hypertension has been consistently reported as a marker of worse prognosis in patients with COVID-19 \[[@CR6],[@CR7]\]. This is a very alarming situation, considering that up to 46% of the adult population is classified as having hypertension \[[@CR8]\]. Hypertension was common in patients infected in previous coronavirus and influenza outbreaks \[[@CR9]\], but the potential prognostic implications of having hypertension have never been highlighted as they are in the current coronavirus outbreak. However, most of this concern is not related to hypertension per se, but the pathophysiology and mechanism of infection of coronavirus in the cells.

In this brief review, we will discuss three major topics highlighting the current knowledge and uncertainties around the potential role of hypertension in the COVID-19 pandemic.

Does Hypertension Influence Immunity or Angiotensin-Converting Enzyme 2 (ACE2) Expression Favoring Viral Infections? {#Sec2}
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Growing evidence suggests the potential involvement of innate (natural killer cells and γ/δ T cells) and adaptive (B and T lymphocytes, as well as dendritic and monocyte/macrophages) immune responses in the pathogenesis of hypertension. Vascular inflammation is the most common pathway, favoring arterial remodeling and increased blood pressure \[[@CR10], [@CR11]\]. Once activated, the immune system seems to play a significant role in the end-organ damage associated with hypertension \[[@CR12],[@CR13]\]. Overall, the contribution of the immune system, particularly T-lymphocytes, to hypertension is widely accepted, but the mechanistic processes preceding activation of immune cells are poorly understood \[[@CR14]\]. One of the possible mechanisms is related to the increase of sympathetic activation in a complex scenario because sympathoexcitation may induce both suppression or excitatory effects of the T-lymphocytes \[[@CR14]\]. Specifically, evidence suggests that increased sympathetic outflow may directly attenuate the ability of naive T-lymphocytes to become fully activated while also exacerbating the inflammatory effects of activated T-lymphocytes \[[@CR14]\]. However, the clinical relevance of these findings is still unclear. Despite the use of lymphocyte-targeted immunosuppressant drugs shown to attenuate both experimental \[[@CR15]\] and human hypertension \[[@CR16]\], the lack of robust and consistent data prevents any current indications for treating hypertension with these therapies \[[@CR8]\].

Does the immunology of hypertension fuel a predisposition to infections? To the best of our knowledge, no large prospective cohorts have shown that patients with hypertension are more susceptible to infection diseases or unfavorable outcomes than observed in normotensive patients.

Another critical concern is related to ACE2, a protein that facilitates the entrance of SARS-COV-2 into cells \[[@CR17],[@CR18]\]. Theoretically, increased ACE2 expression may be potentially harmful for COVID-19 infection. To date, there is no definitive evidence that hypertension is associated with increased ACE2 expression and whether this expression may contribute to poor outcomes in COVID-19 \[[@CR19]\]. A recent publication found that ACE2 expression was elevated in the lungs of patients with COVID-19 that presented with comorbidities, such as hypertension, when compared with control participants \[[@CR20]\]. However, due to the cross-sectional design, no cause-effect can be determined. While we acknowledge the need for additional research in this area, there is no evidence that hypertension per se predisposes patients with COVID-19 to a poor prognosis.

Are the Risks of Complications in Hypertension Mediated by Its Treatment? {#Sec3}
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This question has gained a lot of attention in recent weeks because of the potential impact on the management of hypertension. Recent publications reviewed the role of renin-angiotensin system (RAS) inhibitors in COVID-19 infection \[.[@CR21]•, [@CR22]•,[@CR23]\] ACE2, an enzyme with a physiological role in RAS activity, plays a crucial role in COVID-19 infection. A recent report postulated that the use of RAS inhibitors, one of the most prescribed classes in hypertension, may alter ACE2 expression and influence the virulence of COVID-19 infection in China \[[@CR24]\]. However, there is no definitive evidence indicating harmful effects of RAS inhibitors. Despite RAS inhibitors being recommended as one of the first-line hypertension treatments \[[@CR8]\], the use of these drugs in China is quite low, and it was estimated that RAS inhibitors were used in 25--30% of treated patients \[[@CR25]\]. This flat rate may have implications for the study power of previous reports. Animal and pre-clinical studies evaluating ACE2 levels of expression in different tissues with the use of RAS inhibitors have demonstrated conflicting data \[ [@CR21]•, [@CR22]•,[@CR23]\]. Angiotensin-converting enzyme inhibitors (ACEi) do not inhibit ACE2 (ACE and ACE2 are different enzymes), making the harmful effect of this class unlikely \[[@CR22]•\]. Angiotensin II type 1 receptor blockers (ARB) have been shown to upregulate ACE2 in experimental animals \[[@CR26],[@CR27]\], but these findings do not seem to translate into clinical observations, including in the setting of COVID-19. One of the first reports in humans evaluated 112 patients with COVID-19 and previous cardiovascular diseases \[[@CR28]\]. In this retrospective study from China, the use of RAS inhibitors was not associated with higher morbidity and mortality \[[@CR28]\].

More recently, 6 observational studies shed some light on this issue and called for more definitive research in this area \[[@CR29]•, [@CR30], [@CR31], [@CR32]••, [@CR33]••, [@CR34]••\]. A retrospective multicenter analysis of 1128 patients with hypertension diagnosed with COVID-19 compared patients taking an ACEi/ARB (*n* = 188) with those not taking these drugs (*n* = 940) \[[@CR29]•\]. In the mixed-effect Cox model, treating site as a random effect and after adjusting for age, sex, comorbidities, and in-hospital medications, the detected risk for all-cause mortality was lower in those taking an ACEi/ARB group versus those not taking an ACEi/ARB (Fig. [1a](#Fig1){ref-type="fig"}). The results of a propensity score matched analysis performed in a subgroup of patients indicated that use of ACEi/ARBs, compared with other antihypertensive drugs, was also associated with decreased mortality (Fig. [1b](#Fig1){ref-type="fig"}). Of note, the percentage of diuretics and beta-blockers used was higher in patients taking ACEi/ARB, which may represent potential residual factors \[[@CR29]•\].Fig. 1Kaplan-Meier curves for the cumulative probability of COVID-19 mortality during 28-day follow-up in ACEI/ARB or non-ACEI/ARB cohort among patients with hypertension in **a** unmatched model and **b** propensity score matched model. Reproduced with permission from Zhang et al. Circ Res Apr 17:2020 \[[@CR29]•\]. doi/10.1161/CIRCRESAHA.120.317134

A retrospective single-center study evaluated 126 patients with COVID-19 patients and preexisting hypertension at Hubei Provincial Hospital of Traditional Chinese Medicine \[[@CR30]\]. The patients were allocated to either the ACEi/ARBs group (*n* = 43) or the non-ACEi/ARBs group (*n* = 83) according to their antihypertensive medication. A total of 125 age- and sex-matched COVID-19 patients without hypertension were randomly selected as non-hypertension controls. Among patients with COVID-19 and hypertension, those who received either ACEi/ARBs or non-ACEi/ARBs had comparable blood pressure. However, the ACEi/ARB group had significantly lower concentrations of C-reactive protein and procalcitonin compared with the non-ACEi/ARB group, but there were no significant differences in the proportion of critical patients (9.3% vs. 22.9%; *p* = 0.061) or rates of death (4.7% vs. 13.3%; *p* = 0.216) \[[@CR30]\].

A prospective single center study including 5700 hospitalized patients with COVID-19 in the New York City area showed that the mortality rates for patients with hypertension not taking ACEIs or ARBs, taking ACEIs, and taking ARBs were similar: 26.7%, 32.7%, and 30.6%, respectively \[[@CR30]\]. However, as noted by the authors, the results are unadjusted for known confounders, including age, sex, race, ethnicity, socioeconomic status indicators, and comorbidities such as diabetes, chronic kidney disease, and heart failure \[[@CR31]\].

Using an observational database from 8910 patients admitted in 169 hospitals in Asia, Europe, and North America, Mehran and colleagues \[[@CR32]••\] confirmed previous observations suggesting that underlying cardiovascular disease (but not hypertension) was associated with an increased risk of in-hospital death in patients hospitalized with COVID-19. No increased risk of in-hospital death was found to be associated with the use of ACE inhibitors (2.1% vs. 6.1%; odds ratio, 0.33; 95% CI, 0.20 to 0.54) or the use of ARBs (6.8% vs. 5.7%; odds ratio, 1.23; 95% CI, 0.87 to 1.74).

In a population-based case-control study in the Lombardy region of Italy including 6272 case patients and 30,759 matched beneficiaries of the Regional Health Service (controls) according to sex, age, and municipality of residence, the use of ACE inhibitors and ARBs was more frequent in patients with COVID-19 than in controls because of their higher prevalence of cardiovascular disease. However, there was no evidence that ACE inhibitors or ARBs was associated with the increased risk of COVID-19 \[[@CR33]••\].

Finally, Reynolds and colleagues \[[@CR34]••\] studied the relation between previous treatment with ACEi, ARBs, beta-blockers, calcium-channel blockers, or thiazide diuretics and the likelihood of a COVID-19 positive test result as well as the infection severity (defined as intensive care, mechanical ventilation, or death) in these patients. Among 12,594 patients who were tested for COVID-19, they found no significant association between five common classes of antihypertensive medications and a positive test for COVID-19 or greater infection severity.

Collectively, the available clinical evidence points to a neutral or even beneficial effect on outcomes in patients with COVID-19 receiving ACEi/ARB, but the observational nature of these investigations prevents any definitive conclusion.

Is Aging a Major Factor Associated with Worse Prognosis in Patients with COVID-19 and Hypertension? {#Sec4}
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As previously noted \[[@CR6],[@CR7]\], elderly patients are at high risk for complications related to COVID-19 and are a group for which social distancing has been identified as a top priority. Aging is also a well-established risk factor for developing hypertension \[[@CR8]\]. Indeed, there is a progressive increase in the prevalence of hypertension in parallel to age stratification \[[@CR35]\]. According to population statistics, the prevalence of hypertension may reach \> 60% in the elderly \[[@CR35]\]. In this scenario, it is reasonable to expect that hypertension will be a frequent "red flag warning" in the statistics about complications and deaths from COVID-19 \[[@CR7]\].

A recent national analysis from China that included 1590 hospitalized patients from 575 hospitals suggested a potential role of hypertension as an important comorbidity in COVID-19 \[[@CR36]\]. The authors evaluated the risk of serious adverse outcomes (the composite endpoint consisted of admission to intensive care unit, or invasive ventilation, or death) stratified by comorbidity status. After adjusting for age and smoking status, chronic obstructive pulmonary disease, diabetes, malignancy, and hypertension were risk factors for the composite endpoint. Moreover, the number of comorbidities also predicted outcomes (Fig. [2](#Fig2){ref-type="fig"}). However, because comorbidities were self-reported by patients on admission \[[@CR36]\], these results should be interpreted with caution. It is conceivable that several patients are not aware of their hypertension status. Supporting this concept, 269 patients reported a medical history of hypertension in this investigation \[[@CR37]\], which represents 16.9%, which is lower than indicated by the adult population in China \[[@CR25]\]. Indeed, for the mean age of patients in the study (48 years), the prevalence of hypertension in China is 29.6% \[[@CR25]\]. Therefore, reports to date have not rigorously accounted for age or other key factors that contribute to health as potential confounders in risk prediction \[[@CR21]•\].Fig. 2Predictors of composite endpoints in hospitalized patients with COVID-19 in 575 hospitals in China. Comorbidities were determined based on the patient's self-reported on admission. Reproduced with permission from Guan et al. Eur Resp J 2020 DOI: 10.1183/13993003.00547-2020. \[[@CR36]\] COPD: Chronic obstructive pulmonary disease

Perspectives {#Sec5}
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The relevance of discussing and investigating whether hypertension is or is not a prognostic marker in the COVID-19 pandemic is clear. From the epidemiologic/economic perspective, it is crucial to stablish the real risk factors for priorities from social distancing regardless of their age even in several strategic areas including healthcare professionals. In this scenario, future investigations addressing the impact of hypertension on prognosis may have significant value when adopting a strict protocol to confirm the hypertension status, medications under chronic use, and associated comorbidities including overweight/obesity (reported by some investigations as a predictor of poor outcomes in COVID-19) \[[@CR28],[@CR37]\] and chronic kidney and pulmonary disease. We share the opinion that not only age but also other relevant variables should be adjusted for to clarify the potential role of hypertension as an independent risk factor in the COVID-19.

From the treatment perspective, it is important to determine the role of hypertension treatments such as ACEi/ARBs on the susceptibility to viral infections. Particular attention should be devoted to the role of ACE2 overexpression in these patients. In this sense, recombinant ACE2, gene-delivery of ACE2, angiotensin 1--7 analogs, and G-coupled protein receptor of angiotensin- \[[@CR1]--[@CR7]\] (Mas receptor) agonists enhance ACE2 action and may serve as potential target therapies, but relevant studies in humans are lacking \[[@CR23]\]. We also need definitive evidence regarding the use of RAS inhibitors during COVID-19 infection. Currently, there are 5 ongoing randomized trials registered with [ClinicalTrials.gov](http://clinicaltrials.gov) aiming to test the impact of ACEi and/or ARBs in patients with COVID-19 (Table [1](#Tab1){ref-type="table"}). Four of them are focusing on the safety issues of these classes in the acute phase (3 studies) and in the chronic scenario (1 study). Interestingly, the PRAETORIAN-COVID trial is testing whether an ARB (valsartan) may be protective in patients with severe COVID-19 without hypertension. The rationale for this study is based on the assumption that during acute lung injury, the alveolar ACE2 appears to be downregulated \[[@CR38]\]. ARBs would truly upregulate membrane-bound ACE2, thereby supporting a protective rather than deleterious effect in COVID-19.Table 1Summary of the trials designed to evaluate the impact of ACEi and/or ARB in patients with COVID-19[ClinicalTrials.gov](http://clinicaltrials.gov) registration/trial nameCountrySample size/follow-upComparatorPrimary endpointNCT04330300 / CORONACION trialIreland2414/12 monthsSwitch BP medications (at physician discretion---usually diuretics/calcium channel blockers) vs. continue ACEi or ARBNumber of COVID-19 positive participants who die, require intubation in ICU, or require hospitalization for non-invasive ventilationNCT04338009 / REPLACECOVID trialUSA152/28 daysDiscontinuation vs. continuation ACEi/ARBsGlobal rank score that ranks: (1) time to death, (2) number of days under mechanical ventilation or ECMO, (3) number of days under renal replacement therapy or pressor/inotropic therapy, and (4) a modified SOFA scoreNCT04329195 ACORES-2 trialFrance554/28 daysDiscontinuation vs. continuation ACEi/ARBsTime to clinical improvement (improvement of 2 points on a 7-category ordinal scale or live discharge from the hospital, whichever comes first)NCT04335786 PRAETORIAN-COVID trialNetherlands651/14 daysValsartan (as a preventive strategy) vs. placeboFirst occurrence of intensive care unit admission, mechanical ventilation, or death.NCT04364893 BRACE-CORONA trialBrazil500/30 daysDiscontinuation vs. continuation ACEi/ARBsDays alive and outside the hospital; calculated for each included patient; calculation will be from date of randomization to 30 days post-randomization*ACEi* angiotensin-converting enzyme inhibitors, *ARB* angiotensin receptor blocker, *BP* blood pressure, *COVID-19* coronavirus disease 2019, *ECMO* extracorporeal membrane oxygenation, *ICU* intensive care unit, *SOFA* Sequential Organ Failure Assessment, *USA* United States of America

Taken together, the evidence so far is unclear about whether hypertension or its treatment is a real risk factor in COVID-19 infection. Future investigations are necessary to clarify this complex and multifaceted puzzle.
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